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Schistosomiasis is a serious public health problem with more than 200 million individuals infected in the world and approximately 2.5 milion in Brazil and is also one of the most difficult parasitic diseases to control (WHO 2001) . Reasons for the persistence of schistosomiasis in spite of prolonged and intensive control and prevention efforts include migration patterns and residence, the wide distribution of the intermediate hosts, the dependence of many poor populations in both rural and urban areas on schistosome-infested water sources for their domestic, occupational, and recreational needs, lack of sanitation and potable water, and scarcity of and deficiencies in preventive and curative health services (Coura-Filho 1998 , Ximenes et al. 2000 , WHO 2001 , Funasa 2002 . Chemotherapy is still the main means of managing morbidity from schistosomiasis. However, the prevention of reinfection, the infection of others, and the reduction in the incidence of infection require that attention be given to socioeconomic, cognitive, behavioral, and other factors (Kloos 1995 , Barbosa 1998 , Uchôa et al. 2000 , Asaolu & Ofoezie 2003 . Health education in conjunction with environmental sanitation and safe water supplies has been described as a potentially effective strategy in schistosomiasis control (Barbosa 1995 , Coura 1995 , Dias et al. 1995 , Kloos 1995 , Schall 1998 , 2002 , Funasa 2002 .
Developing health education programs requires that their design, administration, and outcomes be adapted to different socioeconomic and cultural settings (Kloos 1995 , Parker et al. 2004 . Since the institutionalization of health education in the national disease control programs in Brazil in the early 1920s (Levy et al. 2003) theoretical and methodological improvements have been made in the development and operationalization of health education programs. One evidence of this improvement is the change in some health education programs from an intervention developed and controlled by the government in a top-down fashion to a more community-based, participative approach that is based on the population's commitment to the health process (Vasconcelos 1998) .
During the last few decades, several studies showed that the individual's assimilation of scientific knowledge does not necessarily result in behavioral changes facilitating disease prevention and control. It is becoming increasingly clear that behavior as related to perceptions, values, social representations, power relationships, beliefs, and feelings cannot be changed simply with the acquisition of knowledge imparted by health education (Gastaldo 1997 , Glanz et al. 2002 , Cross 2005 , Gazzinelli et al. 2005 . According to Peregrino (2000) , Barata and Briceño-León (2000) , health education programs limited to providing information to the population on specific health problems without considering the socioeconomic and cultural context of communities are usually unsuccessful. Health education and schistosomiasis • Maria Flávia Gazzinelli et al. Therefore, it is necessary to consider individuals and communities in the totality of their environment when developing educational programs for the control of endemic diseases. The success of programs in reducing highrisk behavior and promoting health-enhancing behavior depends to a considerable degree on whether life cycle and other biomedical concepts and information are presented in the intelectual, emotional, social, economic, and cultural context of target populations (Barata & Briceleño-León 2000 , Reis 2003 , Parker et al. 2004 , Gazzinelli et al. 2005 . In order to achieve these objectives, the development of health programs should be based on the social representation and experience of infected individuals (Cardoso & Gomes 2000 , Reis 2003 , Gazzinelli et al. 2005 . It is known that representations of individuals are based on their experiences and practices which, in turn, change the representations (Moscovici 2000 , Cardoso & Gomes 2000 .
In this study, we compare the social representation and experience of the individual approach with a cognition approach in regard to their appropriated and effectiveness in changing knowledge and behavior surrounding schistosomiasis transmission and control. The social representation approach has been associated with increased individuals' conciousness about their autonomy in decision making and co-responsible, ethical, and positive behaviors that effectively contribute to the reduction of endemic diseases prevalences in several endemic areas in Brazil (Mhor & Schall 1992 , Schall 1998 , Dias 2000 , Uchôa et al. 2000 , Reis 2003 .
Whereas some studies have shown an impact of health education on the acquisition of knowledge and risk behavior (Reis 2003 , Freudenberg 2005 , Dofman et al. 2005 ) others failed to demonstrate any beneficial effects (Valla & Oliveira 2001) . Reasons for unsuccessful health education programs include the failure to consider appropriate theoretical constructs that were developed over the years and also the scarcity of experimental studies in this area. These deficiencies render the evaluation of the impact of health education programs on changes in behaviors and practices related to schistosomiasis more difficult (Lima e Costa et al. 2002) . Most studies focus on the effect of different teaching/learning approaches on knowledge change but fail to explain behavioral change (Sow et al. 2002 , Lansdown et al. 2002 , Poggensee et al. 2005 , GuangHan et al. 2005 ).
This study is part of an ongoing multidisciplinary project that was developed in the rural community of Caju in the impoverished Jequitinhonha Valley of northern Minas Gerais in 2003 to identify risk factors in Schistosoma mansoni infection and reinfection, the relationship between infection and nutrition and with anthropometric parameters. The objective of this multidisciplinary project is to evaluate the impact of a health education program using two teaching approaches on knowledge, perceptions and behavior about S. mansoni transmission among schoolchildren. The first approach is based on social representation and experience with illness and the second approach on cognition. The central village has a single public elementary school for children who live in Caju and surrounding areas. All school-age children living in Caju and in the four hamlets within the project area and who provided stool specimens for parasitological exams and received chemotherapy were included in the study.
MATERIALS AND METHODS

Study area and population
Study groups and the health education intervention -An interventional study was conducted on 128 students randomly divided into three groups matched by age and sex. Students unwilling to participate were excluded from the study (n = 2). Children who moved after we started the intervention (n = 2) or were not present in either the preor post-test or missed at least one of the classes (n = 37) were excluded from the study. The main reason for missing classes or the pre-and post-tests were the long distance and difficulty of transportation from their homes to the school. For the final sample we included only the 87 students who participated in all 10 educational group meetings, and had taken both pre-and post-tests administered by questionnaire. In the first group of school children (n = 26) the approach used was based on social representation and the experience with schistosomiasis; in the second group (n = 28) the cognitive approach was used; and in the third (n = 33), or control group, we focused on subjects not related to schistosomiasis, such as personal hygiene. The intervention process was administered by the first author and two undergraduate students trained prior to the process using standardized concepts and methods.
The education program was structured and implemented as follows: Group 1-The social representation approach (Dewey 1971 , Moscovici 2001 ) based on the experience of the children with schistosomiasis considered the following topics: (a) the previous knowledge of all school children about schistosomiasis identifying possible areas for changing; (b) the analysis of practices, attitudes, and values related to the risk of infection; and (c) student perceptions and beliefs related to the place where they live, environment and health services. We examined the relationship and interaction between their per-ceptions of schistosomiasis transmission/prevention and scientific knowledge. Here is an example of how the children's previous idea of transmission through polluted water only was used in a lecture. We demonstrated and discussed in class the idea of dirty water and its relationship with transmission: (1) children identified all water sources used by them stating if they considered that source a potential risk for transmission; (2) we discussed the water as means for health and illness through photographs, magazines, and newspapers; (3) students identified in a microscope the cercarie in a container with apparently clean water; (4) we discussed through theater ways the community could get potable water; and (5) we showed books, poetry, and musics about water. We followed the same technique with all other content discussed in class based on the student's previous idea about schistosomiasis such as "not wearing shoes, not washing hands after eating". We tried to make students critically think about those conceptions and slowly change to the correct knowledge about transmission of schistosomiasis. Group 2 -We used the cognitive approach (Abrantes 1994 ) that focuses basically on information on transmission and prevention of schistosomiasis using pre-existing education materials developed by the National Health Foundation (Funasa) and the Ministry of Health. In this approach we included questions related to the information in the educational material, what students understand about the information related to transmission and the risk of getting infected. Students were also asked to make a summary of what they learned in class. Group 3 -The control group received information related to health but not specifically to schistosomiasis. At the end of the education process, after evaluation of the intervention, this group received information about schistosomiasis like the other two groups. In this group students discussed personal hygiene, drug problems, smoking and healthy foods, and vitamins though paintings and drawings followed by group discussion.
All activities developed by the researchers in the classes as well as the materials used were based on national and international literature on health education and schistosomiasis. Intervals between classes were 30 days. Teachers stayed in class during the intervention but did not participate in any activity because they did not have the skill to use the approaches we used and we needed to guarantee that all groups received equal interventions.
The health education intervention was performed over a one year period in a total of 10 group meetings with approximately 1 h duration per meeting for each of the three groups. The students were grouped in three different classrooms in the morning and afternoon shifts.
This study was reviewed and approved by the Ethical Committee of the Universidade Federal de Minas Gerais. Informed consent for participation was obtained from the parents of the schoolchildren.
Questionnaires -The individual pre-and post-tests were administered through two questionnaires in the classroom setting by the researcher immediately before and after the education intervention. Open-ended questions were asked on modes of transmission and prevention of schistosomiasis. Respondents were not prompted with possible answers and multiple answers were allowed. For children 6 years old and a few aged 7 who could not write, the questions were read and their verbal responses written down by the first author.
Analysis -Answers were classified as correct or incorrect. We considered answers related to transmission to be correct if they included information on contact with fecally and sewage contaminated water, the use of nontreated water, and inadequate human excreta disposal. The correct answers for prevention mentioned adequate excreta disposal, not having contact with stream water, dams, and rivers, and drinking treated water. We considered answers to be incorrect when no answer was given, when the answer had nothing to do etiologically with schistosomiasis and when multiple responses were made, including both correct and incorrect statements.
The software package Epi Info.6.04 (Dean et al. 1994 ) was used for analysis. Absolute and relative frequency distributions were calculated and a chi-square test was used to compare proportions of answers before and after the health education process at a significance level of p < 0.05.
RESULTS
The final sample consisted of 87 children from 6 to 18 years old. In this group, the prevalence for schistosomiasis was 77% with a mean egg count of 325 epg (IC95% = 197.05-452.40). The mean age of the students was 10.4 years with 37 (42.5%) males and 50 (57.5%) females. In Group 1 the mean age was 10.2 with 7 males and 19 females; in Group 2 the mean age was 10.1 and included 12 males and 16 females; in Group 3 the mean age was 10.7, 18 males and 15 females.
Prevention of schistosomiasis -The only group that showed a significant increase in knowledge related to prevention when comparing both pre-and post-tests results was Group 1 (19.2 to 69.2%; p = 0.001), which had received intervention based on social representation and experience with schistosomiasis. Knowledge levels increased only moderately in Group 2 (21.4 to 32.1%) and even declined in Group 3 (Table I ) (both of them p > 0.05). All three groups had low levels of knowledge related to prevention of schistosomiasis before the intervention. The percentage of incorrect questions in the pre-test was 80.8, 78.6 and 63.6% in groups 1, 2 and 3, respectively.
Results showed in the pre-test of all three groups that knowledge on prevention of disease was mainly related to the idea of avoiding contact with visibly polluted or dirty water. After the intervention, the most common answer was "to avoid contact with water containing snails". It is relevant to note here that all answers in all three groups in both pre-and post-test mentioned mainly water contact except for a few like "not defecating in streams", "not playing in dirt" and "go to the doctor".
Most incorrect answers in all three groups were related to the prevention of any helminthoses, not only schistosomiasis, such as "do not wash hands before eating", "not wearing shoes", "not eating fruits and vegetables without first washing them". The correct answers in all three groups were associated to water and snail such as "not swimming in water with snails". In Group 1 the results showed that after the intervention the correct answers were related to "not having contact with contaminated water". However, post-test answers in groups 2 and 3 showed that most students retained incorrect information about prevention of schistosomiasis (Table II) . We observed an emphasis on "snail" (such as "not bathing in stream with snail") in the correct answers about prevention in all three groups after the intervention (Table  II) . Students from all three groups only weakly associated prevention with adequate disposal of excretas and the use of latrines. Such answers were given only by Group 1 students before the intervention, usually in phrases such as "not defecating in the stream" and in Group 3 "use latrine to defecate" and were not mentioned in any group after the intervention (Table II) .
Schistosomiasis transmission -Children in all three groups showed a higher level of prevention knowledge after the educational intervention. However, the increase was statistically significant only in Group 1 (p = 0.038). Knowledge levels increased only slightly in Group 2 and declined in Group 3 (Table I) .
The most frequent incorrect responses to the question on S. mansoni transmission, confined to Group 3 and centered around "walking without shoes". In groups 1 and 2, the most frequent correct answers in the pre-and post-tests focused on "swimming and bathing in water with snails". After the intervention most answers in those two groups, especially in Group 1, in the post-test became "bathing in contaminated water". On the other hand, many students changed the incorrect idea that schistosomiasis is transmitted when "swimming in water with excretas" and "rain water" in the pre-test to "eating fruits without cleaning" in the post-test. Results showed that students relate transmission to activities such as swimming and bathing in streams. The incorrect anwers were also related to transmission of other helminthoses such as "not washing hands before eating" and "walking without shoes". It is interesting to note that no one mentioned anything related to sanitation and potable water supply (Table III) .
Both correct and incorrect answers related to transmission in all three groups (Table III) are strongly related to the idea that schistosomiasis is transmitted through dirty water and dirty things expressed by such terms as "water with feces", "dirty water", "polluted water", "contact with dirt" and "garbage in the stream" and also in relation to behavior "drinking polluted water", "not washing hands" and "eating fruits without washing" (Table  III) . Like prevention, most answers related to transmission were related to snails, such as "swimming and bathing in water with snails" or only "snails" (Table III) .
DISCUSSION
This study indicates the potential benefit of a health education program administered to the schoolchildren in Caju, since they showed a low level of knowledge about prevention and transmission of schistosomiasis in the pretest, which could be raised using the educational intervention (Table I) . As in other rural communities in northern Minas Gerais, children in Caju know that schistosomiasis is a parasitic disease transmitted by a verme (worm) and that water is involved in transmission of the disease, but most of them associate infection with polluted water and lack of hygiene (Table III) . Most answers in both prevention and transmission in the pre-test were related to contact with polluted water and excreta in the stream being the word caramujo (snail) used several times and associated with schistosomiasis. Although most studies have found similar results, showing schistosomiasis as a water-borne disease that is contracted through contact with streams, they fail to describe snails as being part of the life cycle (Uchôa et al. 2000 , Gazzinelli et al. 2002 , Sow et al. 2003 .
This perceived relationship between schistosomiasis and snails before and after the intervention (Tables II, III) could be a result of the education materials from the Ministry of Health and Funasa, which emphasize aquatic snails but fail to fully describe the role of the intermediate host in the life cycle of S. mansoni. Bachelar (1996) points out that students usually remember figures and pictures that are usually more concrete and easy to understand than texts that are more abstract, when explaining phenomena such as the function of snails in the transmission and prevention of schistosomiasis. The use of too many pictures or other omissions or even simplifications of textbook information may thus impede abstract thinking which is essential to fully grasp the complexity of the transmisison cycle and its relevance in the every day lives of students.
The challenge of the health educator is to help students to overcome such initial misconceptions and promote critical thinking about the problems and health implications of schistosomiasis. Although we worked with students trying to show them the S. mansoni life cycle, the transmission, and prevention of infection during our intervention program in Groups 1 and 2 we could not fully eliminate various misconceptions, as shown in the post-test answers (Table II, III) .
On the other hand, the answers in the pre-tests of both Groups 1 and 2 showed that students already had some information about schistosomiasis which was different from what has been presented in other studies in hypoendemic areas where S. mansoni became endemic in recent years. This includes the study by Silva et al. (2002) , in an endemic area in the state of São Paulo, which reported that most people did not know anything about schistosomiasis.
Our results clearly show a significant change in knowledge of transmission and prevention of schistosomiasis using the social representation and the experience of illness approach (Table I) . Similar results were achieved by studies developed by our group in other endemic areas for schistosomiasis and leishmaniasis in Minas Gerais by using a similar model (Gazzinelli et al. 2002 , Reis 2003 . The failure to raise knowledge levels in Group 2 (cognitive approach) and Group 3 (control group) parallels the outcomes of other health education interventions in other endemic areas in Brazil and other countries using cognitive models (Uchôa et al 2000 , Valla & Oliveira 2001 , Silva et al. 2002 , Sow et al. 2003 . Those authors pointed out that there is a need to go beyond the informative approach, as the one used in Group 2 and to consider two other aspects: (1) the subjective dimensions in health processes that value their health status and risk perception that are fundamental to behavior change and (2) articulation between knowledge and cultural, social, economic and environmental aspects, such as access to basic health services, sanitation and education (Gastaldo 1997 , Schall 1998 , Barata et al. 2002 , Glanz et al. 2002 , Reis 2003 , Gazzinelli et al. 2005 .
Even though criticisms have been directed at the cognitive model (Gastaldo 1997 , Peregrino 2002 , Reis 2003 , Gazzinelli et al. 2005 , we decided to apply it in one of our groups because it is still being used in several health educational programs in Brazil and other countries that focus merely on information and on a set of guidelines and norms that individuals are encouraged to follow to prevent disease, even though their impact has been minimal (Sow et al. 2003 , Ribeiro et al. 2004 .
A few experimental studies that used newer approaches, including the one centering on experience with illness (Gazzinelli et al. 2002) , the mobilization or community participation model (Cline & Hewlett 1996) , and the social representation model (Reis 2003) , are promising. However, there are barriers to the use of those models in health education programs, such as lack of the necessary skills among professionals, the difficulty of evaluating results, and other constraints (Lima-Costa et al. 2002) .
In this study we showed that when the educational process takes into account the previous experiences and knowledge of students and relating them to their place of residence and day-to-day activities, and also the perception of environmental risks relating all this to scientific knowledge it is possible to re-construct their preexistenting knowledge that is necessary to facilitate new behaviors related to the control of schistosomiasis. The social representation and experience model is congruent with Bachelard's (1996) conceptual framework. His work was based on the idea that the individuals' primary experience and common sense are obstacles to shared and dynamic knowledge. Thus, according to Bachelard (1996) , health-related knowledge of individuals that is basically influenced by their socioeconomic status and fragments of scientific knowledge must be the starting point of health education actions in planning viable educational interventions that can overcome knwledge barriers.
An example for this approach is found in the pre-test results in Group 1, which identified dirty water and water that contained excreta and garbage as possible source of infection (Table II) . To change this misinformation, the researchers filled containers with visibly clean stream water containing cercarie and containeers with dirty water from another stream to show the students. After looking at the two samples of water under the microscope they were surprised to see that only the visibly clean water contained cercariae. This demonstration helped students to change their original knowledge of dirty water as the source of schistosome cercariae. Thus students were able to expand their knowledge of the role of polluted and contaminated water as well as clean water in S. mansoni transmission.
Answers from all three groups showed that schistosomiasis is considered a health problem by the children in Caju community but their information comes from popular knowledge that involves three main aspects: water, dirt, and snails (Tables II, III) . According to Peregrino (2000) , school may play a role in the way students think about health as a set of norms and regulations related to cleanliness and the way they think about disease in relation to dirt. School textbook knowledge, centered on hygiene as the major means of preventing parasitic diseases, may have contributed to the students' responses around prevention and transmission of schistosomiasis, including their emphasis on pollution, dirt, and garbage. The concepts learned in school probably reflect the knowledge of the whole community. This points out the need to review the concepts, ideas, and knowledge that children and adolescents are learning in school. Several studies show that the concept of school space is of the utmost importance for building healthy communities and also for the control of several diseases such as schistosomiasis (Schall et al. 1988 , Cyrino & Pereira 1999 , Buss 1999 , MacDonald & Green 2001 ). This conceptual model may thus facilitate understanding education and health as a permanent integration process.
The better performance of Group 1 seems to be grounded in the idea that health education needs to be a dialogic process between the pre-existent knowledge and scientific knowledge that includes the identification and analysis of contradictory points, confrontation between the two types of knowledge, and the evaluation of the effect produced by the interaction of the two types of knowledge.
School children from all three groups showed a better performance in the prevention than the transmission of schistosomiasis categories (Table I) . This may be due to the fact that the concept of prevention follows more closely a normative ground, since it is present both in school and health programs (Gastaldo 1997 , Peregrino 2000 . Furthermore, biological knowledge, particularly the life cycle of Schistosoma, which usually focuses on transmission, is a complex concept for students that needs a more intense and broader approach to be understood by elementary school students. Even though some elements of the Schistosmoma transmission cycle, such as "snail", "feces", and "water" related to schistosomiasis were described by the students, they were not able to show the connection with the life cycle in all three groups (Tables  II, III) . These ideas and images have been reported by other studies as commonly known to students but they do not reveal whether students correctly understood the life cycle of Schistosoma (Gazzinelli 2002 , Lansdow et al. 2002 . Therefore, knowledge about schistosomiasis transmission and the parasite's life cycle should be worked out in detail in all their complexities, taking into consideration the socioeconomic status and cultural experiences of the children.
Also relevant is the fact that students failed to provide in the post-test adequate and concrete information about the role of sanitation and excreta, lack of access to potable water, as well as social and environmental improvements and access to better health services in the prevention of schistosomiasis (Tables II, III) . This deficiency reveals the need to priorize mobilization and community participation in health education programs to improve the environment and quality of life of people from those communities (Dias et al. 2000) .
The incorrect answers from schoolchildren also reflected an understanding of the general concept of transmission of other helminths (Table III) . The responses "walking without shoes" and "eating fruits without washing", indicate preventive actions used by the children and were separate from the main focus which is having contact with water potentially infected with human excreta. These misconceptions emphasize the need to present parasite-specific information in health education interventions. This will help students to associate the correct types of risk behavior with schistosomiasis transmission.
In conclusion, our results indicate that health education programs for the control of schistosomiasis need to focus on the experience and social representation of individuals that can help to identify existing perceptions in communities for the purpose of modifying them with scientific knowledge. However, although knowledge levels surrounding transmission and prevention of schistosomiasis may thus be increased, additional research is necessary to (a) examine the retention of this knowledge over time and (b) whether and to what extent this knowledge is being used effectively by individuals in reducing risk behavior. Health education by itself cannot guarantee the control of schistosomiasis but is a fundamental starting point around which other measures can be built to create a favorable environment for the promotion of higher levels of health consciousness and more critical thinking towards improving the quality of life of communities.
